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A Prospective Study of Disease Progression 
in Patients With Atherosclerotic Renal 
Artery Stenosis 

R r Eugene Zierter, Robert O. Bergelin, Robert C Davidson, JC Cantwdl-Gab, 
Nayak L Polissar, and D.E. Strandness, Jr, 



The natural history of renal artery stenosis (RAS) 
has been difficult to document because serial 
arteriography is rarely justified. Duplex scanning 
i$ a noninvasive technique that is ideally suited 
for both screening and follow-up of RAS. In this 
approach, renal arteries are classified as normal, 
<60% stenosis, ^60% stenosis,, or occluded, and 
disease progression is defined as a change in the 
duplex classification* The purpose of this study 
was to determine the rate of disease progression 
in atherosclerotic RAS by serial duplex scanning. 
At least one abnormal renal artery was identified 
in each of 76 patients being screened for RAS- Of 
the 152 renal arteries, 20 were excluded (14 prior 
interventions, 5 occlusions, 1 technically 
inadequate duplex scan), leaving 132 for the 
natural history follow-up protocol. The patient 
group included 36 men and 40 women, with a 
mean age of 67 years, who were followed for a 
mean of 32 months (maximum 55 months). The 



initial status of the 132 renal arteries was normal 
in 36, < 60% stenosis in 35, and ^ 60% stenosis in 
61. The cumulative incidence of progression from 
normal to ^ 60% RAS was 0% at 1 year, 0% at 2 
years, and 8% at 3 years. The cumulative 
incidence of progression from < 60% to ^ 60% 
RAS was 30% at 1 year, 44% at 2 years, and 48% at 
3 years* All 4 renal arteries that progressed to 
occlusion had s 60% stenoses at the initial visit, 
and for those arteries with a s 60% stenosis, the 
cumulative incidence of progression to occlusion 
was 4% at 1 year, 4% at 2 years, and 7% at 3 years. 
Progression of RAS occurred at an average rate of 
7% per year for all categories of baseline disease 
combined. Progression of atherosclerotic RAS is 
relatively common, particularly from < 60% to ^ 
60% stenosis. Am J Hypertens 1996;9:1055-1061 

key WORDS; Renal artery obstruction, renovascular 
hypertension, atherosclerosis, ultrasound 
scanning. 



Atherosclerotic renal artery stenosis is a 
common cause of secondary hypertension 
and is also becoming recognized as an im- 
portant cause of ischemic renal failure. 1 " 3 
Although the indications for renal revascularization 
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in patients with the typical clinical features of reno- 
vascular hypertension are generally accepted, inter- 
vention for patients with renal artery stenosis associ- 
ated with controlled hypertension or varying degrees 
of renal insufficiency is controversial. If the natural 
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history of atherosclerotic renal artery stenosis wwe 
ESS. decisions concerning the ^onsand tun- 
ing of renal artery ^^^S^^ 
actual progression rates and risk factors 10 

interventions, natural history studies 
Sllaw-up of relatively ^^S^^ 
typically do not ^^^"SfSlJ methods 

j , ntlJ in rQS t Noninvasive testing metnoos are »u 
9 « for such keening and follow-up examina- 

ally suited for su ™^^f csion5 cou i d not be iden- 
tions; however, r f^? 'f^™ thods until the de- 
T^y^SS^SS? inning - The 
W S clicll of renal duplex scanning 

5tU f ffniH^ report on the use of duplex scanning to 

"SS? in 1994." The present J*-^^ 

Lded follow-u P on this ^^£2^.5^ 
an ongoing effort to determine both the rates an 
factor! for renal artery disease progression. 

METHODS 
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history of renal artery stenosis w Patients 

^Service for suspected renal artery 
ttcJ^r renal a£ry screening 
decreased renal function, or ^J*£^S«y 
were shown to have at least one abnormal 
by duplex scanning and who were not 
/ " y c „,-,oHiate sureical or radiologic interven 
didates for ^f^^^ This study was ap- 
rion were eligible for 1 ^™£wiew Committee at 

transducer The abdominal aorta w*& ^ . . 
to^'aneurysmal or <~^J££S5£ 
aortic peak systolic velocity was measured at the leve 



„««r mesenteric artery- Th right renal ar- 
of the ^^^Sentmed in a exertional 
°nXe ^orta and velocities were recorded from 

m^SE — 2Sf -o^out us 

SnSh 3 The angie of 

all renal artery velocity measur ^ n " ^ arterv was 
The severity of ^£ £ Siteria 

classified according »£™cS (PSV) in the renal 

b r d ° n S iZ tiao^o (RAR). which is 
artery and the renal to-ae . velocity in the 

defined as the rafco ^ PJ" y* £ 
renal artery to the ^ p^it dassifi- 

canon of ^renal artery n B % diameter stenojas); 

and occluded. The most e «™^ or distal 

diSrcaCrV for that ^™ e^* * 
was defined as an increase * stenos* se ^ y ^ 
60% diameter reduction or ^ttxe ^ du _ 

rpnal artery occlusion, as documentea uy 

scW Renal arteries, which were classified as 
plex ^ s *™ 1 osis at ^ baseline visit, showed 
normal or < 60% stenosis a haye & 6Q% 

disease progress on if ^ w *T^ uent valuations. 

these, 46 were ex« undergone any follow- 

lowing reasons. 27 had not yet ™»»S fibromuscu- 



Renal Artery 
Diameter 
Reduction 



Renal Artery PSV 



KAR 



<180 an/sec 
alfiO an/sec 
< or al80 an/sec 
No signal 



<3-5 
<33 
^3-5 
No signal 



Normal (0%) 
<60% 

Occlusion (10 0%) 

P5V, p** sialic velocity. ^ ^ 

RAR rena\-t(Hwrtic ratio (ratio of peak systole velocity n 

to to peak sysrw* y fl0 rto is abnormally low (less 

jfthepe* >f*«" l £3 Z^Vus*. *n* identification of a -60% 
lh an 40 emit*), the Wctn^tM^ q hl ^ wIac ify ;et 

renal artery strwo«* « 071 m ^ ^ x ' 
and poststenotic turbulence. 
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arteries; eight had undergone bilateral renal, artery 
interventions; two had withdrawn from the study 
after the initial or baseline evaluation; and in one pa- 
tient an adequate renal duplex scan could not be ob- 
tained The remaining 76 patients contributed 152 po- 
tential renal artery sides. Of these, 20 renal arteries 
were excluded because of prior interventions (14), 
renal artery occlusion at the baseline evaluation (5), 
and a technically inadequate duplex scan ( 1 ) This left 
132 renal arteries for inclusion in the natural history 
analysis- After the baseline evaluation, patients were 
followed at 6-month intervals, for those with at least 
one high-grade ( a 60% diameter reduction) renal ar- 
tery stenosis, and at 12-month intervals, for patients 
with less severe renal artery lesions. 

In addition to a complete renal artery duplex scan, 
clinical information obtained at each baseline and fol- 
low-up visit included risk factors for atherosclerosis 
(smoking, diabetes, or hypercholesterolemia), symp- 
toms or signs of atherosclerotic disease at other sites 
(coronary, carotid, and lower extremity arteries) , and 
any interventions for treatment of arterial disease. I he 
duration and treatment of hypertension were also 
documented. Blood pressures were recorded in both 
arms, and the higher of the two arm blood pressure 
measurements was used in the analysis. Blood sam- 
ples for blood urea nitrogen (BUN) and creatinine 
determinations were drawn at the baseline visit and 
at yearly intervals thereafter. 

Estimates for the cumulative incidence of renal ar- 
tery disease progression were calculated by life-table 
analysis using the Kaplan-Meier method. Confidence 
intervals for progression rates were calculated using 
the iackknife method.'* Due to possible dependence 
of disease progression between the left and nghtrenal 
arteries within a patient, standard statistical software 
could not be used to calculate standard errors and 
confidence intervals. The jackknife ^thod provides 
an approximate alternative approach to this type of 
analysis. Confidence intervals (95% leveUwere calcu- 
lated as the observed progression rate i 1.96 > : the 
iackknife standard error. Differences m risk factors 
between patients with and without renal 
ease progression were assessed by x or Fisher's exact 
test (Categorical risk factors) or by * test (continuous 
risk factors). For this analysis, a patient was consid- 
ered as having progressed if progression was noted 
in either renal artery. 

RESULTS 



Of the 76 patients who provide the basis for this report, 
36 were men with a mean age of 68 years, and 40 were 
women with a mean age of 66 years. Fanenta were 
followed for a mean interval of 32 months with a maxi- 
mum foUow-up of 55 months. The clinical characteris- 



tics of the patient population at the baseline visit were 
as follows: 34% had a history of myocardial infarction, 
9% had intermittent claudication, 11% had undergone 
a carotid endarterectomy, 11% had diabetes mellitus, 
75% were current or former cigarette smokers, and 38% 
had a history of high serum cholesterol. 

Because the protocol required evaluation of both 
renal arteries in each patient, the recruitment of pa- 
tients with unilateral renal artery disease resulted in 
the follow-up of some normal renal arteries. The dis- 
ease status of the 132 renal arteries on the baseline 
duplex scan was normal in 36, < 60% stenosis in 35, 
and a: 60% stenosis in 61. The majority of the lesions 
were located at the origin or within the proximal seg- 
ment of the renal artery. 

Seven patients with seven high-grade renal artery 
lesions had therapeutic interventions during the fol- 
low-up period, including six balloon angioplasties 
and one nephrectomy. In these patients, the analysis 
of disease progression for a particular renal artery 
used only the period of observation up to the inter- 
vention. All of these interventions were indicated for 
hypertension that was not adequately controlled on a 
drug regimen. In addition, three of these patients had 
deteriorating renal function with a rising serum creat- 
inine. Three patients showed improved blood pres- 
sure control after intervention, including the patient 
treated by nephrectomy. The four remaining patients 
did not have improved blood pressure control after 
balloon angioplasty, but two of these patients also 
had contralateral untreated high-grade renal artery 
stenoses. None of the treated patients with an elevated 
serum creatinine has required hemodialysis during 
the follow-up period. 

Disease progression to * 60% stenosis or occlusion 
was observed in 26 renal arteries during follow-up. 
Of these, 12 renal arteries had a single follow-up eval- 
uation and 14 renal arteries had multiple foUow-up 
evaluations. The disease progression .rates and L their 
95% confidence intervals are presented in Table 2. Val- 
ues outside the confidence intervals are unlikely in a 
population of patients such as these. For the We-table 
analysis of renal artery disease progression. 98 arter- 
ies were followed for 12 months, 72 arteries were fol- 
lowed for 24 months, and 53 arteries were followed 
for 36 months. The cumulative incidence of P">S"*; 
sion from normal to * 60% stenosis was 0% at 12 
months, 0% at 24 months, and 8% at 36 months, 
whereas the cumulative incidence of progression from 
< 60% to 2= 60% stenosis was 30% at 12 months, 44% 
at 24 months, and 48% at 36 months. All four renal 
arteries that progressed to occlusion had a 60% steno- 
ses at the baseline evaluation, and for those arteries 
with a 60% stenoses, the cumulative incidence of pro- 
gression to occlusion was 4% at 12 months, 4% at 24 
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■ABLE 2. CUMULATIVE INCIDENCE OF RENAL ARTERY DISEASE PROGRESSION" ACCORDING TO THE 

SEVERITY OF DISEASE AT THE BASELINE EVALUATION 



Baseline Renal 
Duplex 




Follow-Up Interval 




0 Months 


12 Months 


24 Months 


36 Months 


-\rrhal 










^foeression (0.95 CD 


0% ( ) 


nor t * 


r%qr / \ 
xTJo V~~J 


8% (0-19) 




36 


33 


27 


22 


v)% Stenosis 










progression (0.95 CO 


0% (— ) 


30% (15-4© 


44% (25-63) 


48% (28-68) 




35 


22 


14 


11 


*'/>% Stenosis 










progression (0-95 CI) 


0% (— ) 


4% (0-9) 


4% (0-9) 


7% (0-16) 




61 


43 


31 


20 


^ progressions 










Trogression (0.95 CI) 


0% (— ) 


10% (5-15) 


14% (7-21) 


20% (12-28) 




132 


98 


72 


53 



*>j?osff progression defined as an increase in stenosis severity to %60% diameter reduction or the development of total renal artery occlusion (see text). 
* number of reml arteries at beginning of follow-up interval. OSS CJ = 95% confidence interval calculated by the jackknife method (see text). 



a *mths, and 7% at 36 months. Renal artery disease 
P'^ression occurred at an average rate of 7% per year 
all categories of baseline disease combined. 
The categorical and continuous risk factors that 
"*fe assessed for predictive value relative to progres- 
w ti of renal artery stenosis are listed in Tables 3 and 
* Mo significant relationship could be detected be- 
t ' / '»en renal artery disease progression and the indi- 
Mual risk factors of diastolic blood pressure level, 
^um BUN and creatinine, current or former smoking 



'ABLE 3. ASSOCIATION OF CATEGORICAL RISK 
FACTORS WITH RENAL ARTERY DISEASE 

PROGRESSION 



baseline Risk Factor 



Percent Showing 



^nder 

^■od pressure control 
^'irrent/former smoker 
D, Mbetes mellitus 
^Wxardial infarction 
^Itermittent claudication 
^irofid endarterectomy 
^Igh cholesterol 



Disease Progression 


P 


Male (36) 


31% 




Female (40) 


52% 




> 140/90 (66) 


47% 


.13* 


^140/90 (8) 


13% 




No (19) 


42% 


NS 


Yes (57) 


42% 




No (68) 


40% 


.27* 


Yes (8) 


62% 




No (50) 


40% 


61 


Yes (26) 


46% 




No (69) 


42% 


NS* 


Yes (7) 


43% 




No (68) 


38% 




Yes (8) 


75% 




No (45) 


42% 


.90 


Yes (27) 


41% 





^*tple size in ( K 

computed by two-tailed fisher's exact test 



status, diabetes mellitus, prior myocardial infarction, 
intermittent claudication, or high cholesterol. How- 
ever, the following risk factors showed trends toward 
an association with progression of renal artery steno- 
sis: advanced age, elevated systolic blood pressure, 
pack-years of smoking, female gender, poorly con- 
trolled blood pressure (> 140 / 90 mm Hg), and a 
history of carotid endarterectomy. 

DISCUSSION 

The surgical management of renovascular disease ini- 
tially focused on hypertensive patients with fibro- 
muscular dysplasia or localized atherosclerosis of the 
renal arteries. However, during the last decade, an 
increasing proportion of patients requiring renal re- 
vascularization has presented with advanced wide- 
spread atherosclerosis and renal insufficiency. 17-19 



TABLE 4. ASSOCIATION OF CONTINUOUS RISK 
FACTORS WITH PRESENCE OR ABSENCE OF 
RENAL ARTERY DISEASE PROGRESSION 

Disease Progression 



Baseline Risk Factor 



No 

Mean a: SD 



Ye© 
Mun ± SD 



Age 

Systolic blood pressure 
Diastolic blood pressure 
Blood urea nitrogen 
Creatinine 

Pack-years of smoking 



66* 9<44) 
164 ± 22 (43) 
85 - 7 (43) 
21 * 10 (32) 
1,3 * 0.6 (32) 
27 ± 30 (39) 



69 ± 8 (32) 
171 ± 20 (32) 
85 + 10 (32) 
26 + 22 (26) 
1.6 ± 1.6 (26) 
39 ± 37 (28) .14 



-08 
.15 
-87 
.26* 
39 



* Distribution of blood urea nitrogen values is markedly skewed; Menn- 
Wdtney F is 7.00, 

Sample size m( ). 
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This trend may be due, at least in part, to improved 
pharmacological treatment of hypertension and car- 
diovascular disease in general. Percutaneous translu- 
minal balloon angioplasty has been effective in treat- 
ing fibromuscular dysplasia of the main renal artery, 
but the long-term results with atherosclerotic lesions 
have been relatively poor. 20 Thus, the patients cur- 
rently being considered for renal revascularization 
tend to have significant medical comorbidity and re- 
quire complex vascular reconstructions or bilateral re- 
nal artery procedures- 

Because of the association between renal artery ath- 
erosclerosis and similar lesions elsewhere, it is now 
common to encounter patients with significant renal 
artery disease who do not have the generally accepted 
indications for immediate renal revascularization. 21 ' 23 
The role of renal artery intervention in patients without 
uncontrollable hypertension or markedly decreased renal 
function is uncertain. Such prophylactic intervention for 
renal artery stenosis can only be justified based on natural 
history data that include the rate of disease progression 
in the renal arteries, risk factors for progression, and the 
overall effect of disease progression on clinical outcome. 

Since contrast arteriography has been the only method 
available for detecting renal artery disease, previous re- 
ports on the natural history of renal artery stenosis have 
included only patients having multiple arteriograms. 
WoUenweber et al reviewed serial arteriograms on 30 
patients and found progression in 50% of the renal artery 
lesions over a mean follow-up period of 42 months. 24 In 
a review of 39 patients with atherosclerotic renal artery 
lesions who underwent arteriography at intervals rang- 
ing from 6 months to 10 years, Meaney et al noted an 
overall progression rate of 369k. 25 Schreiber et al followed 
85 patients for a mean period of 52 months and showed 
progression of renal artery stenosis in 44%. 2 * Of these 85 
patients, 14 (16%) developed renal artery occlusion, and 
the risk of progression to occlusion was particularly high 
in renal arteries with more than 75% stenosis. 

In a more recent study, Tollefeon and Ernst reviewed 
48 patients with 79 atherosclerotic renal artery stenoses 
who did not have immediate repair and were followed 
for a mean period of 73 years. 27 Progression of stenosis 
was noted in 42 of the 79 renal arteries (53%), and 7 
lesions (9%) progressed to complete occlusion. No renal 
artery stenoses of < 60% diameter reduction progressed 
to occlusion, and the average stenosis on the arteriogram 
immediately prior to occlusion was 80%. The authors 
concluded that patients with severe, preocclusive renal 
artery stenoses should benefit from prophylactic renal 
revascularization during aortic reconstruction. 

Because the preceding studies are all retrospective and 
based on highly selected groups of patients having indi- 
cations for serial arteriograms, the reported progression 
rates may not accurately represent those in the general 



population. H wever, because arteriography is an inva- 
sive test, it is not suitable for prospective follow-up of 
unselected patients. Prior to the development of renal 
artery duplex scanning, no noninvasive test was available 
for assessing the severity of renal artery disease. Al- 
though a few unfavorable experiences have been re- 
ported, 28,29 duplex scanning is now generally accepted 
as an accurate noninvasive method for both renal artery 
stenosis screening and assessing the results of renal re- 
vascularization procedures, and the overall accuracy of 
duplex scanning for identifying renal artery disease is in 
the range of 80% to 96%. 4 ^ 12 

A prospective follow-up study on renal artery stenosis 
based on duplex scanning has been reported. 14 This study 
provided data on 80 patients with 139 renal arteries who 
were followed for a mean period of only 12.7 months. 
Although none of the initially normal renal arteries 
showed disease progression, the cumulative incidence of 
progression from < 60% to s= 60% stenosis was 23% at 
12 months and 42% at 24 months. All four renal arteries 
that progressed to occlusion had ^ 60% stenoses at the 
baseline visit, and for those sides with a s= 60% stenosis, 
the cumulative incidence of progression to occlusion was 
5% at 12 months, and 11% at 24 months. No trends were 
noted toward an association between the various risk 
factors analyzed and progression of renal artery disease. 

The present study is a continuation of the protocol 
summarized above to a mean follow-up interval of 32 
months. The patient group has been selected to eliminate 
presumed nonatherosclerotic renal artery disease, renal 
arteries with prior interventions, and technically inade- 
quate duplex examinations. Patients were eligible for the 
follow-up protocol if they were not considered candi- 
dates for renal revascularization at the time of their base- 
line evaluation- This selection process was designed to 
identify those patients with renal artery disease in whom 
the role of early renal revascularization is particularly 
uncertain. However, because of this selection process, 
conclusions based on these data are only applicable to 
patients with clinical features of atherosclerotic renal ar- 
tery disease and hypertension/ decreased renal function, 
or both- No definitive statements can be made regarding 
patients with clinically "silent" renal artery disease- 
Retrospective data based on serial arteriography sug- 
gests that progression of renal artery stenosis occurs in 
30% to 50% of cases/ 4 " 27 In the present prospective study, 
the overall progression rate of renal artery stenosis was 
7% per year. While progression of renal artery disease in 
renal arteries that were initially normal was rare, the 
cumulative incidence of progression from < 60% to ^ 
60% renal artery stenosis was 30% at 12 months, 44% at 
24 months, and 48% at 36 months. The cumulative inci- 
dence of progression from 2= 60% stenosis to occlusion 
was 4% at 12 months, 4% at 24 months, and 7% at 36 
months. 



1060 ZIERLER ET AL m ~NOVt£ 9. NO. 11. PART 1 



With the possible exception of female gender, no statis- 
tically significant relationship could be detected between 
any of the categorical or continuous risk factors analyzed 
and progression of renal artery disease. However, trends 
toward an increased risk of progression were noted 
among older individuals, patients with elevated systolic 
or poorly controlled blood pressure, and patients with a 
history of carotid endarterectomy. Since the number of 
patients in many of these risk factor groups is relatively 
small it is possible that additional patient recruitment 
and extended follow-up will eventually establish a pre- 
dictive value for some of these factors. 

Although no definitive clinical recommendations can 
be made on the basis of this study, it is clear that progres- 
sion of atherosclerotic renal artery stenosis is common, 
particularly from < 60% to 60% stenosis. A relatively 
low but consistent rate of progression from s: 60% steno- 
sis to renal artery occlusion has also been demonstrated. 
These data suggest that early renal revascularization may 
be beneficial for selected patients with severe renal artery 
stenoses; however, the effect of such intervention on fur- 
ther disease progression and clinical outcome remains to 
be shown. This study is continuing in an effort to find 
specific risk factors for renal artery disease progression 
that would identify those patients who would be most 
likely to benefit from early renal revascularization. 
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